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A DIGHEMIV survey was flown for the United States

Geological Survey, over a survey block near Brookhaven,

Mississippi.

The purpose of the survey was to detect resistivity
contrasts in order to map the contamination of fresh water
acquifers with brine. A secondary objective was to make high

resolution magnetic measurements to locate abandoned oil

wells.

The 900, 7,200 and 56,000 Hz data were used to produce
resistivity maps. The different levels of penetration of the
three frequencies through conductive earth, results in
resistivity maps that show the conductive properties at
different depths. The total field magnetic contours show
numerous bull‘'s-eye anomalies due to cultural sources. The

VLF contours have also been influenced by cultural sources.

A comparison of the three resistivity parameters, and
additionally the calculated depth channels, should be useful

in determining the depths and extent of conductive sources

below surface.
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ANTRODUCTION

a picuentV electromagnetic/resistivity/magnetic/VLF

survey was flown for the U.S. Geological Survey, from May 12
to May 16, 1988, over a survey block near Brookhaven,
Mississippi. This block is 1located on the 2Zetus and
Brookhaven, Mississippi, U.S.G.S. map sheets (Figure 1).

Survey coverage consisted of approximately 422
line-miles. Flight lines were flown with a line separation
of approximately 1/8 of a mile (200 metres) in an azimuthal
direction of 090°/270°. Tie lines were flown perpendicular
to the flight line direction.

v electromagnetic

The survey employed the DIGHEM
system. Ancillary equipment consisted of a magnetometer,
radio altimeter, video camera, analog and digital recorders,

a VLF receiver and an electronic navigation system.

This report 1Q divided into six sections. Section 2
provides details on the equipment used in the survey and
lists the recorded data and computed parameters. Section 3
reviewvs the data processing procedures, with further
information on the various parameters provided in Bection 5.

Section 4 describes the geophysical results.



The survey results are shown on 1 separate map sheet for
each parameter. Table 1-1 lists the products which can be
obtained from the survey. Those which are part of the
contract are indicated in this table by showing the

presentation scale. These total 6 maps.

Recommendations for additional products are included in
Table 1-1. These recommendations are based on the
information content of products that would contribute to

meeting the objectives of the survey.
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Table 1-1 Plots Available from the Burvey

NO. OF | ANOMALY |PROFILES OONTOURS SHADOW

MAP SHEETS MAP ON MAP [ INK  COLOR | MAP
Flight Lines 1 N/A - 24,000 - -
Electramagnetic Anamalies - - - N/A N/A N/A
Probable Bedrock Conductors - - N/A N/A N/A N/A
Resistivity ( 900 Hz) 1 N/A - 24,000 L] -
Resistivity ( 7,200 Hz) 1 N/A - 24,000 *e -
Resistivity (56,000 Hz) 1 N/A - 24,000 * -
EM Magnetite - N/A - - - -
Total Field Magnetics 1 N/A - 24,000 - -
Enhanced Magnetics - N/A - - - -
Vertical Gradient Magnetics - N/A - - - -
2rd Vertical Darivative Magnetics - N/A - - - -
Magnetic Susceptibility T - N/A - - - -
VLF 1| WA - 24,000 | - -
Electromagnetic Profiles( 900 Hz) - N/A - - - -
Electramagnetic Profiles(7200 Hz) -~ N/A - - - -
Overburden Thickness - N/A - - - -
Digital Profiles Worksheet profiles -

Interpreted profiles 12,000

N/A Not available

sre Highly recammended due to its overall information content
L] Recomended

¢ Qualified recommendation, as it may bs useful in local areas
- Fot recammanded

24,000 Bcale of delivered map, 1.0, 124,000



SURVEY EQUIPMENT

This section provides a brief description of the

geophysical instruments used to acquire the survey data:

Electromagnetic System
Model: DIGHEMTY
Type: Towed bird, symmetric dipole configuration,

operated at a nominal survey altitude of 100
feet. Coil separation is 26.2 feet.

Coil orientations/frequencies: coaxial / 900 Hz
coplanar/ 900 Hz
coplanar/ 7,200 Hz
coplanar /56,000 Hz

Sensitivity: 0.2 ppm at 900 Hz
0.4 ppm at 7,200 Hz
1.0 ppm at 56,000 Hz

Sample rate: 10 per second

The electromagnetic system wutilizes a wmulti-coil
coaxial /coplanar technique to energize conductors in
different directions. The coaxial transmitter coil is
vertical with its axis in the flight direction. The coplanar
coils are horizontal. The secondary fields are sensed
simultaneously by means of rbceiver.coils vhich are maximum
coupled to their respective transmitter coils. The system

yields an inphase and a quadrature channel from each



transmitter-receiver coil-pair. The system is also equipped

to provide two environment noise monitor channels.

¥agnetometer

Model: Picodas Cesium
Sensitivity: 0.01 nT

Sample rate: 10 per second

The magnetometer sensor is towed in a bird 50 ft. below

the helicopter.

Magnetic Base Station

Model: Geometrics G-B26A
Sensitivity: 0.50 nT

Sample rate: once per 5 seconds

An Epson recorder is operated in conjunction with the
base station magnetometer to record the diurnal variations
of the earth's magnetic field. The clock of the base station
is synchronized with that of the airborne system to permit

subsequent removal of diurnal drift.

YLF System

Manufacturer: Herz Industries Ltd.



Type:t Totem-2A
Sensitivity: 0.1%

The VLF receiver measures the total field and §ert£ca1
quadrature components of the secondary VLF field. Signals
from ¢two separate transmitters can be measured
simultaneocusly. The VLF sensor is towed in a bird 33 feet
below the helicopter.

Radar Altimeter

Manufacturer: noneyveli/Sperry

Type: AA 220
Sensitivity: 1 ft

The radar altimeter measures the vertical distance
between the helicopter and the ground. This {nformation is

used in the processing algorithm which determines conductor

depth.

Analog Recorder

Manufacturer: RMS Instruments

Type: GR33 dot-matrix graphics recorder
Resolutions 4x4 dots/mm

Speed: 1.5 mm/sec

The analog profiles were recorded on chart paper in the
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aircraft during the survey. Table 2-1 lists the geophysical

data channels and the vertical scale of each profile.

Digital Data Acquisition System

Manufacturer: Scintrex

Type: CDI-6

Tape Deck: RMS TCR-12, 6400 bpi, tape cartridge recorder

The digital data were used to generate several computed

parameters.
Iracking Camera

Type: Panasonic Video
Model:s AG 2400/wVvCD132

Piducial numbers are recorded continuously and are
displayed on the margin of each image. This procedure
ensures accurate correlation of analog and digital data with

respect to visible features on the ground.

Bavigation ESystem
NModel: Del Norte 547
Type: UHP electronic positioning system

Sensitivity: 3 feet

Sample rate: 0.5 per second
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The navigation system uses ground based transponder
stations which transmit distance information back to the
helicopter. The ground stations are set up well away from
the survey area and are positioned such that the signals
cross the survey block at an angle between 30° and 150°.
After site selection, a baseline is flown at right angles to
a line drawn through the transmitter sites to establish an
arbitrary coordinate system for the survey area. The onboard
Central Processing Unit takes any two transponder distances
and determines the helicopter position relative to these two

ground stations in cartesian coordinates.

Alrcraft

The 4{nstrumentation was installed in an Aerospatiale
Lama 315B turbine helicopter. The helicopter flew at an
average airspeed of 70 mph with an EM bird height of
approximately 100 feet.
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PRODUCYS AND PROCESSING TECHNIQUES

The following products are available from the survey
data. Those which are not part of the survey contract may be
acquired later. Refer to Table 1-1 for a summary of the
maps which accompany this zreport and those which are
recommended as additional products. Most parameters can be

displayed as contours, profiles, or in colour.

Base Maps

Base maps o©0f the survey area were prepared from

1:24,000 topographic maps.

EFlight Path

The cartesian coordinates produced by the electronic
navigation system were transformed into UTM grid locations
during data processing. These were tied to the UTM grid on
the base map. In the case of a photomosaic base map, the UTM
grid must be transferred from a topographic map to the

photomosaic.

Prominent topographical features were correlated with
the navigational data points, to ensure that the data is

accurately registered on the base map.
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Electromagnetic Anomalies

Anomalous electromagnetic responses are 8selected and
analysed by computer to provide a preliminary electromagnetic
anomaly map. This preliminary EM map 4is used, by the
geophysicist, 4in conjunction with the computer generated
digital profiles, to produce the final interpreted EM anomaly
map. Thie map includes bedrock, surficial and cultural
conductors. A map containing only bedrock conductors can be

generated, if desired.

Resistivity

The apparent resistivity in ohm-m may be generated from
the inphase and quadrature EM components for any of the
frequencies, using a pseudo-layer halfspace model. A
resistivity map portrays all the EM information for that
frequency over the entire lnﬁey area. This contrasts with
the electromagnetic anomaly map which provides i{information
only over interpreted conductors. The large dynamic range

makes the resistivity parameter an excellent mapping tool.

EM Magnetite

The apparent percent magnetite by weight is computed

wherever magnetite produces a negative inphase EM response.



The results are usually displayed on a contour map.

Total Field Magnetics

The aeromagnetic data are corrected for diurnal
variation using the magnetic base station data. The regional
IGRF gradient is removed from the data, if required under the

terms of the contract.

Enhanced Magnetics

The total field magnetic data are subjected to a
processing algorithm. This algorithm enhances the response
of magnetic bodies in the upper 1,500 feet and attenuates the
response of deeper bodies. The resulting enhanced magnetic
map provides better definition and resolution of near-
surface magnetic units. It also identifies weak magnetic
features which may not be evident on the total field
magnetic map. However, regional magnetic | variations, and
magnetic lows caused by remanence, are better defined on the

total field magnetic map. The technique is described in more
detail in Section S.

Magnetic Derivatives

The total field magnetic data may be subjected to a



variety of filtering techniques to yield maps o©of the
following:

vertical gradient

second vertical derivative

magnetic susceptibility with reduction to the pole

upward/downward continuations

All of these filtering techniques 4improve the
recognition of near-surface magnetic bodies, with the
exception of upward continuation. Any of these parameters
can be produced on request. Dighem's proprietary enhanced
magnetic technique is designed to provide a general
*all~-purpose” map, combining the more useful features of the

above parameters.

The VLF data can be digitally filtered to remove long
wavelengths such as those caused by variations in the
transmitted field strength. The results are usually

presented as contours of the filtered total field.

Pigital Profiles

Distance-based profiles of the digitally recorded

geophysical data are generated and plotted by computer.



These profiles also contain the calculated parameters which
are used in the interpretation process. These are produced
as worksheets prior to interpretation, and can also be
presented in the final corrected form after interpretation.
The profiles display electromagnetic anomalies with their
respective interpretive symbols. The differences between the
worksheets and the final corrected form occur only with

respect to the EM anomaly identifier.

Contour, Colour and Shadow Map Displays

The geophysical data are interpolated onto a regular
grid using a cubic spline technique. The resulting grid is

suitable for generating contour maps of excellent quality.

Colour maps are produced by interpolating the grid down
to the pixel size. The distribution of the colour ranges is
normalized for the magnetic parameter colour maps, and
matched to specific contour intervals for the resistivity and

VLF colour maps.

Monochromatic shadow maps are generated by employing an
artificial sun to cast shadows on a surface defined by the
geophysical grid. There are many variations in the shadowing

technique, as shown in Pigure 3-1. The various shadow



techniques may be applied to total field or enhanced magnetic
data, magnetic derivatives, VLF, resistivity, etc. Of the
various magnetic products, the shadow of the enhanced
magnetic parameter {8 particularly suited for defining
geological structures with crisper images and improved

resolution.
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Dighem software provides several shadowing tac}micpas Both monochromatic (cammonly
green) or polychromatic (full color) maps may be produced. Monochramatic shadow
maps are often preferred over polychromatic maps for reasons of clarity.

Spot Bun

The spot. sun technique tends to mimic nature. The sun occupies a spot in the sky at
a defined azimuth and inclination. The surface of the data grid casts shadows. This
is the standard technique used by industry to produce monochromatic shadow saps.

A characteristic of the spot sun technique is that shadows are cast in proportion to
how well the sunlight intersects the feature. Features which are almost parallel to
the sun's azimith may cast no shadow at all. %o avoid this problem, Dighem's

hemispheric sun technique may be arployed.

Bemispheric Sun

mtmdsﬁedcnmtequ:em&valqedbyblg?m The method imvolves lighting
. 1f, for exarple, a north hemispheric sun is selected, features of

up a hemisphare

all strikes will have their north side in sun and their south side in shadow. The
ic sun lights up all features, without a bias caused by strike. The method

yields sharply defined sonochromatic shadows.

The hemispheric sun technique always improves shadow casting, particularly where
folding and cross-cutting structures occur. Neverthesless, it is important to center
the hemisphere perpendicular to the regional strike. Features which strike parallel

to the center of the hemisphere result in ambiguity. This is because the two sides
of the feature may yield alternating patterns of sun and shadow. If this proves to
be a problem in your survey area, Dighem's ami sun technique may be employed.

Omni Bun

The ami sun technigqus was also developed by Dighem. The survey area is centered
within a ring of sunlight., This lights up all features without any strike bias,
The result is brightly definad monochramatic features with diffuse shadows.

E

Swo or three spot suns, with different azimiths, may be carbined in a single
presentation. The shadows are displayed on ans map by the use of different colors,
.g., by using a green sun and a red sun. Same usars find the interplay of colors

xadnesﬂ\eclarltyofﬂalludwadpndct




Resistivity

Apparent resistivity maps were prepared from the 900,
7,200 and 56,000 Hz coplanar EM data. These maps show the

conductive properties of the survey area.

The 56,000 Hz data has the greatest dynamic range but is
biased towards surficial conductivity. In general, the
56,000 Hz map shows higher resistivities than either the 900
or 7,200 Hz maps. This is indicative of a relatively
resistive upper layer overlying a conductive layer or layers.
This resistive cover may be thinner where the 56,000 Hz
resistivity agrees closely with the lower frequencies. For
example, a low resistivity trend of 10 to 15 ohm-m extends
from fiducial 2200 on line 10270, to fiducial 3640 on line
10410 on the 56,000 Hz map.

The 7,200 Hz data is likely penetrating through the
surficial layer to a greater extent than the 56,000 Hz
resistivity. It generally agrees with the 900 Hz
resistivity, except in a few isolated areas. In areas where
it yields higher resistivities the relatively resistive

surficial layer may be thicker.



The resistivity contours do not appear to have been
affected to a high degree by cultural sources. EM anomalies
due to cultural sources, such as power lines, are primarily
the result of current channelling. This yields a high
amplitude reeponse but little phase shift and therefore no
appreciable change in the inphase to quadrature ratio. As
the resistivity calculation is based on the phase, which is
changed as a result of inductive coupling, the cultural
sources do not usually distort the resistivity map to a high
degree. In some areas excessive noise in the form of spiking
or hash on the EM channels resulted from culture. In such
areas the data was left out of the resistivity calculation to

ensure that the reeistivity contours were hot distorted.

Magnetics

The total field magnetic data have been presented as
contours on the base map using a contour interval of 1 nT
vhere gradients permit. The IGRF gradient across the survey
block has not been removed. The maps show the magnetic
properties of the rock units underlying the survey area. The
isolated bull's-eye anomalies are likely due to cultural
sources. Some of these may be attributed to oil wells. The
narrov response yielded by such a source may easily be missed
at a 1/8 mile line spacing, therefore many of these sources

may not have been detected.



VLF results were obtained from three transmitting
stations, Cutler, Maine (NAA - 24.0 kHz), Seattle, Uaahinqﬁon
(NLK - 24.8 kHz) and Annapolis, Maryland (NSS - 21.4 kHz).
The use of three different stations was necessitated by
signal interruptions at the source of transmission. Results
from the transmitter at Annapolis, Maryland were presented as
contours of the filtered total field. The contour patterns

are greatly influenced by cultural sources.

The VLF method is quite sensitive to ‘the angle of
coupling between the conductor and the proposed EM field.
Consequently, conductors which strike towards the VLF
station will usually yield a stronger response than

conductors which are nearly orthogonal to it.

Closely-spaced conductors, conductors of short strike
length or conductors which are poorly coupled to the VLF
field, may escape detection with this method. EBrratic
signals from the VLF transmitters can also give rise to

strong, isolated anomalies which should be wviewed with

caution.



Electromagnetic Anomalies

The electromagnetic anomalies are displayed on the
digital profiles. Corresponding to each anomaly identifier
is either an "L" or "H" interpretive symbol. The °*L" symbol
reflects an anomaly that is due to a line source or culture.
The *H" interpretive symbol is used to denote a response from
& conductor which fits a half space model, such as a buried,
flat lying layer. The coplanar EM channels will be maximum
coupled to these flat lying conductors, and therefore these
sources are best represented on the resistivity parameters.
Refer to the sections on 'Reéognition of Culture" and

*Resistivity Mapping" in section 5 for more information.



BACKGROUND IRFORMATION

This section provides background 4information on
parameters which are available from the survey data. Those
which have not been supplied as survey products may be

generated later from raw data on the digital archive tape.

Resistivity mapping

Areas of widespread conductivity are commonly
encountered during surveys. In such areas, anomalies can be
generated by decreases of only 5 m in survey altitude as well
as by increases in conductivity. The typical flight record
in conductive areas 4{s characterized by J4inphase and
quadrature channels which are continuously active. Local EM
peaks reflect either increases in conductivity of the earth
or decreases in survey altitude. Por such conductive areas,
apparent resistivity profiles and contour maps are necessary
for the correct interpretation of the airborne data. The
advantage of the resistivity parameter is that anomalies
caused by altitude changes are'vlrtually eliminated, so the
resistivity data reflect only those anomalies caused by
conductivity changes. The resistivity analysis also helps

the interpreter to differentiate between conductive trends in



-5-2-

the bedrock and those patterns typical of conductive
overburden. For example, discrete conductors will generally
appear as narrow lows on the contour map and broad conductors

(e.g., overburden) will appear as wide lows.

The resistivity profiles and the resistivity contour
maps present the apparent resistivity using the so-called
pseudo-layer (or buried) half space model defined by Fraser
(1978)1. This model consists of a resistive layer overlying
a conductive half space. The depth channels give the
apparent depth below surface of the conductive material. The
apparent depth is simply the apparent thickness of the
overlying resistive layer. The apparent depth (or thickness)
parameter will be positive when the upper layer 4is more
resistive than the underlying material, in which case the

apparent depth may be quite close to the true depth.

The apparent depth will be negative when the upper layer
is more conductive than the underlying material, and will be
sero when a homogeneous half space exists. The apparent
depth parameter must be interpreted cautiously because it
will contain any errors which may exist in the measured

altitude of the EM bird (e.g., as caused by a dense tree

1 Resistivity mapping with an airborne multicoil
electromagnetic system: Geophysics, v. 43, p.144-172
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cover). The 4inputs to the resistivity algorithm are the
inphase and qaudrature components of the coplanar coil-pair.
The outputs are the apparent resistivity of the conductive
half space (the source) and the sensor-source distance are
independent o©of the (£flying height. The apparent depth,
discussed above, is simply the sensor-source distance minus
the measured altitude or flfing height. Consequently, errors
in the measured altitude will affect the apparent depth

parameter but not the apparent resistivity parameter.

The apparent depth parameter is a useful indicator of
simple layering i{n areas lacking a heavy tree cover. The
DIGHEM system has been flown for purposes of permafrost
mapping, where positive apparent depths were used as a
measure of permafrost thickness. However, little
quantitative use has been made of negative apparent depths
because the absolute value of the negative depth is not a
measure of the thickness of the conductive upper layer and,
therefore, is not meaningful physically. Qualitatively, a
negative apparent depth estimate usually shows that the EM
anomaly is caused by conductive overburden. Consequently,
the apparent depth channel can be of significant help 4in
distinguishing betwveen overburden and bedrock conductors.

The resistivity map often yields more useful information

on conductivity distributione than the EM map. In comparing
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the EM and resistivity maps, keep in mind the following:

(a) The resistivity map portrays the absolute value
of the earth's resistivity, where resistivity =

1/conductivity.

(b) The EM map portrays anomalies in the earth's
resistivity. An anomaly by definition is a
change from the norm and so the EM map displays
anomalies, (i) over narrow, conductive bodies
and (ii{) over the boundary zone between two wide

formations of differing conductivity.

The resistivity map might be likened to a total field
map and the EM map to a horizontal gradient in the direction
of flight?. Because gradient maps are usually more sensitive
than total field maps, the EM map therefore {8 to be
preferred in resistive areas. However, in conductive areas,
the absolute character of the resistivity map usually causes

it to be more useful than the EM map.

2 rhe gradient analogy is only valid with regard to the
identification of anomalous locations.
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Recognition of culture

Cultural responses include all EM anomalies caused by

man-made metallic objects. Such anomalies may be caused by

inductive coupling or current gathering. The concern of the

interpreter is to recognize when an EM response i{s due to

culture. Points of consideration used by the interpreter,

when coaxial and coplanar coil-pairs are operated at a common

frequency, are as follows:

1.

Channel CXPL monitors 60 Hz radiation. An anomaly on
this channel shows that the conductor is radiating
pover. Such an indication is normally a guarantee that
the conductor is cultural. However, care must be taken
to ensure that the conductor is not a geologic body
which strikes across a power line, carrying leakage

currents.

A flight which crosses a "line" (e.g., fence, telephone
line, etc.) yields a center-peaked coaxial anomaly and
an m-shaped coplanar anomaly. When the flight crosses
the cultural line at a high angle of intersection, the
amplitude ratio of coaxial/coplanar response is 4. Buch
an EM anomaly can only be caused by a 1line. The
geologic body which yields anomalies most closely
resembling a line is the vertically dipping thin dike.



Such a body, however, yields an amplitude ratio of 2
rather than 4. Consequently, an m-shaped coplanar
anomaly with a CXI/CPI amplitude ratio of 4 is virtually

a guarantee that the source is a cultural line.

A flight which crosses a sphere or horizontal disk
yields center-peaked coaxial and coplanar anomalies with
a .CXI/CPI amplitude ratio (i.e., coaxial/coplanar) of
1/4. In the absence of geologic bodies of this
geometry, the most likely conductor is a metal roof or
small fenced yard.3 Anomalies of this type are
virtually certain to be cultural if they occur in an

area of culture.

A flight which crosses a horizontal rectangular body or
wide ribbon yields an m-shaped coaxial anomaly and a
center-peaked coplanar anomaly. In the absence of
geologic bodies of this geometry, the most likely
conductor is a large fenced area.5 Anomalies of this
type are virtually certain to be cultural if they occur

in an area of culture.

3 It s a characteristic of EM that geometrically
similar anomalies are obtained from: (1) a planar
conductor, and (2) a wire which forms a loop having
dimensions identical ¢to the perimeter of the
equivalent planar conductor.
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EM anomalies which coincide with culture, as seen on the
camera film or video display, are usually caused by
culture. However, care is taken with such coincidences
because a geologic conductor could occur beneath a
fence, for example. In this example, the fence would be
expected to yield an m-shaped coplanar anomaly as in
case #2 above. If, instead, a center-peaked coplanar
anomaly occurred, there would be concern that a thick

geologic conductor coincided with the cultural line.

The above description of anomaly shapes is valid when
the culture is not conductively coupled to the
environment. In this case, the anomalies arise from
inductive coupling to the EM transmitter. However, when
the environment is quite conductive (e.g., less than 100
ohm-m at 900 Hz), the cultural conductor may be
conductively coupled to the environment. In this latter
case, the anomaly shapes tend to be governed by current
gathering. Current gathering can completely distort the
anomaly shapes, thereby complicating the identification
of cultural anomalies. In such circumstances, the
interpreter can only rely on the radiation channel CPS

and on the camera film or video records.
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The magnetometer data are digitally recorded in the
aircraft to an accuracy of 0.01 nT for cesium magnetometers.
The digital tape is processed by computer to yield a total
field magnetic contour map. When warranted, the magnetic
data may also be treated mathematically to enhance the
magnetic response of the near-surface geoclogy, and an
enhanced magnetic contour map is then produced. The response
of the enhancement operator 4in the frequency domain {is
illustrated in Pigure 5-1. This figure shows that the
passband components of the airborne data are amplified 20
times by the enhancement operator. This means, for example,
that a 100 nT anomaly on the enhanced map reflects & 5 nT

anomaly for the passband components of the airborne data.

The enhanced map, which bears a resemblance to a
downward continuation map, is produced by the digital
bandpass filtering of the total field data. The enhancement
is equivalent to continuing the field downward to a level
(above the source) which is 1/20th of the actual sensor-

source distance.

Because the enhanced magnetic map bears a resemblance to
a ground magnetic map, it simplifies the recognition of

trends 4in the rock strata and the interpretation of
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geological structure. It defines the near-surface 1local
geology while de-emphasizing deep-seated regional features.
It primarily has application when the magnetic rock units are
steeply dipping and the earth's field dips in excess of 60

degrees.

Any of a number of filter operators may be applied to
the magnetic data, to yield vertical derivatives,
continuations, magnetic susceptibility, etc. These may be

displayed in contour, colour or shadovw.

yur

VLF transmitters produce high frequency uniform
electromagnetic fields. However, VLF anomalies are not EM
anomalies in the conventional sense. EM anomalies primarily
reflect eddy currents flowing in conductors which have been
energized inductively by the primary field. In contrast, VLF
anomalies primarily reflect current gathering, which is a
non-inductive phenomenon. The primary field sets up currents
vhich flow weakly in rock and overburden, and these tend to
collect in low resistivity zones. Such gzones may be due to
massive sulfides, shears, river valleys and even

unconformities.

The VLF field 4s horizontal. Because of this, the
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method is quite sensitive to the angle of coupling between
the conductor and the transmitted VLFr f£field. Conductors
which strike towards the VLF station will usually yield a

stronger response than conductors which are nearly orthogonal

to it.

The Herz Industries Ltd. Totem VLF-electromagnetometer
measures the total field and vertical quadrature components.
Both o©of these components are digitally recorded in the
aircraft with a sensitivity of 0.1 percent. The total field
yields peaks over VLF current concentrations wvhereas the
quadrature component tends to yield crossovers. Both appear
as traces on the profile records. The total field data are
filtered digitally and displayed as contours to facilitate
the recognition of trends in the rock strata and the

interpretation of geologic structure.

The response of the VLF total field filter operator in
the fregquency domain (Figure 5-2) is basically similar to
that used to produce the enhanced magnetic map (Figure 5-1).
The ¢two filters are identical along the abscissa but
different along the ordinant. The VLF filter removes long
wvavelengths such as those vhlchlteflect regional and wave
transmission wvariations. The filter sharpens short
vavelength responses such as those which reflect 1local

geological variations.



CONCLUSTONS AND RECOMMENDATIQNS

This report provides a brief description of the survey
results and describes the equipment, procedures and

logistics of the survey.

The various maps included with this report display the
-agneticwnnd conductive properties of the survey area. The
survey results should be reviewed in detail, in conjunction
with all available geological, geophysical and geochemical

information.

It is also recommended that additional processing of
existing geophysical data be considered, in order to extract
the maximum amount of information from the survey results.
Resistivity colour plots may aid in didentification of
resistivity contrasts.

Respectfully submitted,
DIGHEM SURVEYS & PROCESSING INC.

Z:>aAa?§]7’¢bvnbl(
Douglas L. McConnell
Geophysicist

DLM /mg
AO05378EP.89R



